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S U M M A R Y  

by Roger Gendrin 
& Jacques Vigneron 

This  s tudy r e f e r s  t o  a new type of w h i s t l e r s  rece ived  on board 
of s a t e l l i t e s  Alouet te  1 and In jun  3. These can be i n t e r p r e t e d  as t h e  

r e s u l t  of propagation i n  the ord inary  mode of t he  o r i g i n a l  atmospheric 
impulse, having recourse t o  c e r t a i n  hypotheses which are discussed. 

* * *  

INTRODUCTION.- I n  a r ecen t  a r t i c l e ,  Smith and a s s o c i a t e s  [l] 
published t h e  sonograms, obtained with the  a i d  of s a t e l l i t e s .  These 
convey f o r  f requencies  of l e s s  than -500cps, a double t r a c e ,  of which 
the  ex tens ions  seem t o  cu t  each o t h e r  over t he  time axis. The f i r s t  one, 

nea r ly  v e r t i c a l ,  is r e l a t e d  t o  w h i s t l e r s  a l ready  de tec ted  a f t e r  s m a l l  
pa ths  aboard s a t e l l i t e s  [2].-The second, whose d ispers ion  is increase4  

in importance as the  frequency r i s e s ,  o f f e r s  a ho r i zon ta l  asymptote f o r  
a f requencyequal  t o t h e  gyrofrequency of protons i n  t h e  v i c i n i t y  of t he  
s a t e l l i t e .  

The present  au thors  have suggested two mechanisms f o r  t h e  expla- 
na t ion  of such a phenomenon: 
o r  the  propagation of the o r i g i n a l  impulse between ground and the  satel- 

l i t e .  The last hypothesis  is the  one we have attempted t o  ve r i fy .  

e i t h e r  an emission, t r i gge red  by t h e  f l a s h ,  

* E s s a i  d ' i n t e r p r b t a t i o n  de quelques sonogrammes obtenus l ' a i d e  des 
s a t e l l i t e s  Alouette 1 e t  Injun 3.- 
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I Height of t he  l a y e r . .  . ;oo-rooo 1000-1200 1200-1400 r(,oo-~.;oo (km) 
Ion iza t ion  dens i ty  . . . I ,5.104 9.10'' 7 . 1 0 ~  (cm-3) 

lGyrofrequencg (cps)  . . .  580 I ;zi $85 430 le,bJJ 

. 

A 

The on ly  convenient mode is the ord inary  one, which o f f e r s  m index, r i s i n g  
wi th  the frequency and approaching the i n f i n i t y  f o r  a frequency, equal  t o  
the  gyrofrequency of p o s i t i v e  ions,  t hus  q u a l i t a t i v e l y  j u s t i f y i n g  t h e  
pat tern of the sonomams. 

F 0 R M  U L A S  . - kJe consider the case of the  quas i - lcngi tudina l  

appoximation.  The magnetic f i e l d  is assumed v e r t i c a l ,  its decrease as a 
func t ion  of a l t i t u d e  being t h a t  of a d ipole  f i e l d ,  t he  absolute  values at 
1000 and 1800 km being f ixed  by the gyrofrequencies observed f o r  these  
a l t i t u d e s  on board of both s s t e l l i t e s .  

The phase index nv f o r  the two modes is  expressed as a func t ion  

of'medium's parameters (plasma frequency and e l e c t r o n  and ion  gyrofrequencies)  
by the  formulas of re ference  C31. The group index ng is e a s i l y  der ived 
therefrom, and thus  t h e  trmsit time. 

MODEL ADOFED.  - The e l ec t ron  p r o f i l e  corresponds t o  t h a t  of ref [4], 
which is v a l i d  f o r  m i d d l e  l a t i t u d e s .  The formula adopted allows t o  envis ion  
t h e  ex is tence  of only a s ing le  ion. It cannot be t h e  oxygen, f o r  t h e  l a t t e r  
would give cu tof f  f requencies  t h a t  would be too  low ( ~ 3 0  cps) .  On the  
o t h e r  hand, i t  would be d i f f i c u l s  t o  u t i l i z e  a model, i n  which the  iono- 
sphere would be cons t i t u t ed  only of i ons  E+. 

A compromise would cons i s t  i n  admit t ing t h a t  t h e  propagation, inde- 

pendent from the  ordinary mode, takes  p lace  only s t a r t i n g  at 700km, height  
beginning wi th  which the  hydrogen i o n  H+ is the  only cons t i tuent .  The 
quest ion of energy t r a n s f e r  between ground l e v e l  and t h i s  he ight  w i l l  be 
considered i n  the course of  the discussion. 

The T a b l e  below gives  the  e l e c t r o n  dens i ty  and the  gyrofrequencies 
of protons as a funct ion  of l aye r s  adopted beginning wi th  t h e  700 km height .  
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DISC! U S  S I O N  . -The ca l cu la t ions  are based upon two hypotheses .- 
which have t o  be diccussed. 

I N J U N  3 Altitude 1800Km 

o s  in 1 .S 2.0 

Fig. 1 

1) The propaaation of uncoupled modes t akes  p lace  only s t a r t i n g  
from 700 km. 

It is w e l l  known t h a t  i n  a medium, where t h e  e l e c t r o n  dens i ty  

shows important v a r i a t i o n s  r e l a t i v e  t o  wavelength s c a l e ,  t he  two modes 

are s t rong ly  coupled [5]. 
t h e  t r a n s f e r  of energy t o  an a l t i t u d e ,  where the  two modes again become 

independent, a8 a consequence of t h e  pene t r a t ion  i n t o  a reg ion  with low 
e l e c t r o n  dens i ty  gradient .  

One could a l s o  see  i n  t h i s  e f f e c t  an argument i n  favor  of t h e  

This coupling can be ins t rumenta l  in assu r ing  

theory,  whereby w h i s t l e r s  would no t  be d i r e c t l y  engendered by flashes, b u t  
by the  e l ec t rons ,  which they would p ro jec t  beyond the  ionosphere [ 6 ] .  

2) As of t h a t  l e v e l .  the ionosuhere is c o n s t i t u t e d  e s s e n t i a l l v  
of hydrogen. 

It is wel l  known, that a t  these  he ights ,  helium exists i n  non-negli- 

g i b l e  propor t ions  [7 l . -Bu t  t h e  equat ion u t i l i e e d . c a n  not  expla in  the  
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transparency of the i o c o q h e r e  f o r  t he  frequencies  between 200 and TOO cps, 

even i f  i t  i s  extended t o  the case of s e v e r a l  i o n s  C8J. There too, the 

f u l l  wave theory would allow t o  extend the  ca l cu la t ion  i n  a more real 
hypothesis of a medium with var iab le  composition. 

C O N C  L U S I O N  . - -.--- 

Taking these reserva t ions  i n t o  account, i t  seems t h a t  it is  pos- 
s i b l e  t o  i n t e r p r e t  the obtained sonopams by t he  o rd ina ry  propagation 
mode. The important dispers ions a t  play would lend  themselves more e a s i l y  

t o  the  determination of the ion composition than i t  would be poss ib le  t o  
do with the  low-frequency p a r t  of atmospheric w h i s t l e r s  C91. 
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